different between the Running and Sedentary Twin by analysis of variance". The footnote to table 3 has been changed to "Significance levels from analysis of variance and the productmoment correlation are coded: * p<0.05; † p<0.01; § p<0.005; ¶ p<0.001". . Dietary records were not collected at baseline, only at the end of the high-fat and the low-fat diets. Table 2 shows the energy intake on each of the diets, and the footnote states that there were no significant differences between the running and sedentary twin. 10 . We have added the baseline values for the areas of the LDL-distribution from gradient gel electrophoresis. The change data in table 3 are the differences between being on the high-fat and the low-fat diets from a cross-over experimental design. Table 1 presents the baseline data before the subjects went on any of the diets. Because of their high costs, analytic ultracentrifuge measurements were not made at the baseline visit (only at the end of each treatment ) and therefore do not appear in table 1.
11. The following sentence has been added to both figure legends to clarify the purpose of the lines "The diagonal is not a line fitted to the observations but rather is drawn as reference to the locus of points where the changes are identical in the twin pairs." Reviewer 1. We apologize for the careless typographical errors. We have reviewed the manuscript to ensure it is purged of any of the errors cited. Per the reviewers' recommendation, the title has been changed to "Concordant lipoprotein and weight responses to dietary fat change in identical twins with divergent levels of exercise" (Underlined section is a replacement). 2. Corrected. Again we apologize for the errors.
3. Table 4 has been corrected to read table 3 and Figure 1 is correctly referenced. Background/Objective: The purpose of this study is to test the extent that individual lipoprotein responses to diet can be attributed to genes in the presence of divergent exercise levels. Design: Twenty-eight pairs of male monozygotic twins (one mostly sedentary, the other running an average of 50 km/week more than the sedentary twin) went from a 6-week 40% fat diet to a 6-week 20% fat diet in a crossover design. The diets reduced fat primarily by reducing saturated and polyunsaturated fat (both from 14% to 4%), while increasing carbohydrate intake from 45% to The risk for coronary heart disease increases in association with higher plasma low-density lipoprotein (LDL)-cholesterol, triglycerides, and lipoprotein (a) (Lp(a)) levels and decreases in association with higher high-density lipoproteins (HDL)-cholesterol and apolipoprotein A-I levels and with the size and buoyancy of the LDL-particles {1,2}. Low-fat, high-carbohydrate diets decrease plasma concentrations LDL-cholesterol, HDLcholesterol, apolipoprotein A-I, and increase Lp(a), and triglycerides {3}. The low-fat high-carbohydrate diets also produce a shift in the distribution of LDL's from larger, more buoyant particles to smaller denser particles {4}.
Individuals vary greatly in their lipoprotein responses to lowfat diets, some of this variation has been attributed to genes.
Individuals having the apo E e4 allele experience greater reductions of LDL-cholesterol {5} and large, buoyant LDL (S f 7-12) {6} on low-fat, low-cholesterol diets than those lacking the allele. Polymorphisms in the apo B gene, signal peptide insertion allele, the LDL receptor gene, the MN blood group, and in the apo A-I promoter region are also reported to affect the LDL response to diet{5}. Low-fat diets induce a greater reduction in LDL- The current study examines the effects of switching from high-fat low-carbohydrate to low-fat high-carbohydrate diets in MZ twins to assess the contribution of genes to the diet-induced changes in lipoproteins and body weight. Although it is often difficult to separate the effects of the twins' shared genotypes from their shared environment {14}, the current design minimizes the effect of the shared environment by: 1) deliberately choosing twins with divergent lifestyles (one physically active, one sedentary); 2) measuring the response to an experimental manipulation of diet (as opposed to observational twin studies that may be strongly affected by the shared environment).
Subjects and Methods
Twenty-nine pairs of identical male twins discordant for exercise participated in a crossover study of high-fat low-carbohydrate and low-fat high-carbohydrate diets. The twins were identified among current participants of the National Runners' Health Study and from announcements distributed at foot races through the Runner's World race participation program {15}. Criteria for eligibility were as follows: discordant for exercise (i.e., either one twin was sedentary and the other was running at least 32 km/wk or if both twins ran there was at least a 40 km/wk difference in running distance), no medication use likely to interfere with lipid metabolism, free of chronic disease, nonsmoker, and willingness to abstain from alcohol and follow the prescribed diets over the twelve-week intervention. Each twin completed a questionnaire and signed a consent form approved by the Committee for the Protection of Human Subjects at Lawrence Berkeley National Laboratory, University of California, Berkeley.
The research used an outpatient setting with careful monitoring of dietary compliance. All participants were carefully counseled by registered dieticians to follow the prescribed diets both before and during the experimental intervention. The twin-pairs received, in random order, a six-week low-fat solid-food diet (20% of total energy as fat, 65% as carbohydrates) and a six-week high-fat diet (40% fat, 45% carbohydrates) in a crossover design.
The two experimental diets were designed to achieve a comparison of high-and low-fat intake by substitution of fat for carbohydrate without significant change in other major nutrients.
Nutrient compositions of the diets were calculated using the Minnesota Nutrition Data System (NDS) software developed by the Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis, MN, version 4.01. Registered dietitians supplied the participants with personalized menus demonstrating the number and size of servings for the experimental diets. Seven-day diets were prescribed to the participants representing 95% of total caloric intake as estimated from their baseline four-day food records; the remaining 5% were provided as food combinations that match the dietary composition of the prescribed diets which could be consumed ad-lib so that the total caloric intake could vary in response to the caloric intake required for satiety. The prescribed diets had to be eaten in their entirety within each 7-day period. The 5% additional calories could be consumed as onehalf cup of low-fat milk with five vanilla wafers on the low-fat diet and as one teaspoon of peanut butter with eight wheat crackers on the high-fat diet. All subjects abstained from alcohol during the study. The staff contacted the subjects weekly during the study to verify adherence to the diet and to review the protocol. Compliance was assessed by four-day diet records and grocery receipts. One twin-pair did not complete the dietary intervention. coefficients of variation were within ±5%.
Fasting LDL particle diameters and LDL particle subclass intervals based on particle size were calculated from calibration curves using standards of known size {22}. Cary, North Carolina). Switching from the high to the low fat diet Table 2 shows the reported nutrient intake from 7-day food records for the running and sedentary twins on the two diets. The dietary goals were achieved on both diets. The changes in mean nutrient intake from switching from the high-fat low-carbohydrate diet to the low-fat high carbohydrate diet were not significantly different between the running and sedentary twin for total energy intake (mean 
Results

Baseline
Concordance within twin-pairs Increased dietary fat did not
significantly change body weight (Table 3) 
Discussion
The lipoprotein changes produced in these twenty-eight twins confirms previous reports by ourselves and others that switching from a high-fat low-carbohydrate diet to a low-fat high- Diet-induced changes in the LDL-IIB subclass were also significantly correlated within twin-pairs, as were changes in LDL-IV. The LBL-IVB subclass is a relatively minor portion of the LDL distribution that has recently been shown to have an independent association with coronary disease progression {29}. Table 3 shows a discontinuity in the concordance of the MZ-twin diet response between LDL-IIB and LDL-IV that is similar to the discontinuities we have previously reported when LDL-subclasses are correlated with atherosclerosis {29} and other lipoproteins {30}.
The high MZ correlation for Lp(a) measured cross-sectionally is consistent with the finding that over 90% of the variation in Lp(a) concentrations is accounted for by the apo(a) gene {31}.
Our data (Table 3 ) also suggests a strong genetic influence on the Lp(a) response to diet.
We recognize that free-living populations could be less likely to follow controlled diets than subjects for whom food is supplied.
However, we have now completed several studies of men and women with similar dietary protocols {4,6,7,9}. Our success in implementing these studies is reflected both in diet records and by the finding that mean lipid responses conform to those predicted from previous controlled feeding studies {32}.
We defined divergent lifestyles with respect to different levels of physical activity. As shown in Table 1 , runners weighed significantly less than their sedentary twin, had lower plasma concentrations of triglycerides and apolipoprotein B, higher plasma concentrations of HDL-cholesterol, apo A-I, and larger LDL-peak particle diameter. Although these lipoprotein and weight differences are well documented between vigorously active and inactive men {33-35}, Table 1 shows that these differences persist when controlling for genetic effects, an important consideration because the lipoprotein response to exercise is affected by genes {36}. Genes presumably also partially explain why sedentary men with high HDL-cholesterol run longer weekly distances when enrolled in a training program than those with low HDL-cholesterol. The running twins also had higher concentrations of Lp(a) than their sedentary brothers, which has not been consistently observed by others {37-39}, but may have been discernible in our study design because we matched for genotype (i.e., Table 1 shows a strong genetic concordance for Lp(a) values). (Table   1 ) or large dietary perturbations in carbohydrate and fat consumption, regardless of the level of physical activity (Table   3) . Moreover, our analyses support earlier observations indicative of the genetic regulation of weight change following environmental perturbation {11,12}. Based on these results we believe that detailed analyses using genetic association or linkage studies are warranted to identify the causes of the associations of diet with lipoprotein and weight.
[1] Castelli WP. Lipids, risk factors and ischaemic heart disease. Atherosclerosis. 1996;124 Suppl:S1-9. 17 ± 8.5* 9.3 ± 14.4 7.4 ± 18.5 13 ± 7.6 -IDL-mass (mg/dL) 2.9 ± 2.1 1.7 ± 2.3 1.1 ± 3.1 2.2 ± 1.6 0 Large, buoyant LDL-mass (mg/dL) -17.3 ± 4.3 ¶ -13.2 ± 5.2* -4.8 ± 4.8 -15.6 ± 4.2 ¶ 0
Small, dense LDL-mass (mg/dL) -0.9 ± 6.1 7.8 ± 7.4 -10 ± 8.9 2.7 ± 5.1 0
Significance levels from analysis of variance and the product-moment correlation are coded: * p<0 p<0.01; § p<0.005; ¶ p<0.001 
